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on Aviation Safety Research

Aviation is seen as an ultra-safe industry, given the number of flights and the correspondingly low number of
accidents. Aviation Safety has largely learnt from the past to predict and control risks in the future. But events
such as severe weather, loss of control in flight, and fire on board aircraft can still happen, and when they do
there is not much time to react, and in such cases what we most need is Resilience. And if the worst comes to
the worst, and an accident happens in the air or on the ground, what we need is Survivability.
The fourth, and final two-day OPTICS Expert Workshop sought to address these two issues at the CIRA research
facility in Capua, near Naples. The aim, which was achieved, was to identify a ‘top ten’ list of research ideas, which
would improve safety and reduce loss of life in the case of an accident.
Resilience and Survivability
Resilience is the ability for a system to rapidly recover from any
kind of system disturbance or threat, and return to normal, or at
least safe, operation. It includes Adaptability to the unlikely, and
to the unforeseen. Adaptability is the key to face new emerging
hazards, or to cope with new and disruptive technologies, and has
to be addressed at early stages of the development life cycle of the
aviation systems. Currently Resilience research includes active and
passive protection systems, affordable protection for light aircraft,
and enhanced sensors.

Although there is much talk of resilience in aviation, and a good deal
of research, OPTICS’ review of this domain has found two key areas in
particular that deserve an elevated and renewed research focus. The
first area is new designs and concepts of aircraft to achieve
resilience. Additionally, because even with enhanced resilience,
events may overcome the aircraft system, there needs to be a stronger
focus on enhancing post-accident survivability. Survivability was
felt to be the ‘poor relation’of aviation safety research.
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The Keynotes
Keynote speakers set the tone each day, providing a good
springboard for the workshop sessions. Frank Kirkland of Rolls
Royce gave an excellent keynote speech on the challenges for
aero gas turbines from events such as Bird Strike, Volcanic Ash and
Icing, and the detailed research and testing they are carrying out
to make their engines more resilient in the face of such challenges.
But in more general terms he called for the industry to take a new
perspective, one of successive barriers to hazards, as used in the
nuclear power industry, and this resonated with the workshops
and became one of the top ten research recommendations.
Emmanuel Isambert of EASA tackled the difficult question of
whether resilience can be standardised. He acknowledged that
currently the approach was too fragmented, and this is something
EASA is working on. His openness was much appreciated in the
discussion and subsequent workshops.
On the second day there were four, more focused, presentations.
CIRA’s Giuseppe Mingione and Biagio Esposito gave a
detailed presentation on all the Icing research ongoing at CIRA’s
state-of-the-art facilities (there was also a tour on Day 1). It was
clear that despite the high quality research on Icing carried out

over the past decade, there is still work to do. Serge Bourbigot, of
the University of Lille, gave a fascinating presentation on ways
to mitigate fire inside the cabin via the use of materials to create
an ‘intumescent cake’, reducing heat propagation and therefore
subsequent damage and fatality risk during an in-cabin fire.
Benedetta Cacchione, of Leonardo Helicopters, gave a stirring
presentation on crashworthiness and survivability, emphasising
that there was still a lot possible to increase survivability from
helicopter crashes, via energy absorption and better design
for passengers, and that certification could do more to increase
safety requirements, particularly for ditching, bird strike, and
seat positioning echoing what EASA had said earlier about the
fragmented certification requirements. She also called for more
usage of mathematical modelling in this area, a point picked up
eagerly by one of the universities in the audience. Valentin Biasi
of ONERA delivered a detailed and comprehensive presentation
on the fire behaviour of composite materials, showing one area
where rigorous testing and simulation are taking place to predict
how fire behaves given the new composite materials that are
being introduced into aeroplane design.
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The Workshop sessions
The workshop had 45 attendees from all over Europe, with Italian researchers and industry representatives dominating the participation.
There was significant energy during the two days, with all participants quickly engaging in friendly but constructive discussions
over research ideas and priorities. The participants divided up into three groups each led by two OPTICS facilitators, with two groups
focusing on Resilience and one group focusing on Survivability. Workshops on the first day were more ‘open’, with participants –
around half of whom had already suggested their top research ideas in response to a short OPTICS questionnaire – telling others
about their research ideas. The workshops on the second day then got down to the more focused work on deciding which ideas were
similar and could be clustered, and what should be the priorities. Concentration was aided by plentiful coffee, and classic Italian
lunches. The top ten research avenues, detailed in the insert, can be summarised as follows:

THE TOP TEN

Below are the Top Ten research ideas, as prioritised by the workshop:
1. Adopting a barrier-to-hazard approach as used in other industries such as nuclear power
2. Developing ‘Return-to-home’ capability in aircraft in case of degraded systems/pilots
3. Develop a survivability index for aircraft
4. Develop Resilience as a Key Performance Area requirement in the design process
5. Improve damage tolerance by the use of new manufacturing techniques and materials
6. Develop on-board predictive sensors for ice and ash
7. Develop a performance-based framework for Resilience
8. Analyse the dynamic behaviour of composite materials in fire and crash situations
9. Develop design standards for survivability
10. Adapt survivability solutions from non-aviation domains (e.g. automotive, nuclear)
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Concluding comments
These recommended lines of research should be able to pay off in terms of less crashes, and less fatalities and injuries should the
unthinkable happen. The feeling amongst the participants was also that there are lessons that can be learned or leveraged quite quickly
from other industries. However, as with previous OPTICS workshops (e.g. when discussing Human Factors or Data Sharing), the key issue
is how to raise the priority of these research goals in the aviation industry. In that respect, the development of Resilience as a KPA, and the
development of a Survivability Index, are the two strategic issues that could help transform the industry into taking resilience seriously and
raising survivability to the highest level. In terms of ‘low hanging fruit’ or more ‘prompt’ research actions, adapting survivability solutions
from non-aviation domains, and analysing the dynamic behaviour of composite materials, as well as predictive sensors for ice and ash,
represent concrete ways forward that could deliver improvements in a relatively short-medium timeframe.
Overall, this fourth OPTICS workshop, although with less attendees than for previous workshops, was seen as being focused and its
output of high quality. This is down to the participants, and their professional commitment to safety, as they quickly engaged in the
process, deriving promising and tangible ways forward that could help ensure that resilience and survivability become key and real
properties of future, safer aircraft systems.
The OPTICS team would like to thank all participants for their energy, enthusiasm and insight.
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Top Ten research ideas
as prioritised by the workshop

1. Barriers to hazard in design / certification approach
(one example: hybrid engines - two energy sources). Learn
from other industries, especially nuclear.
The basic principle behind this idea is that no single failure should lead to a
hazard, and this needs to be addressed in the design stage of the product.
Failure can mean loss of functionality, as much as physical failure. This is the
approach adopted by the Nuclear Power industry, which typically has three
layers of defence to hazard. To give an example, if a sensor fails then the control
system synthesizes a value; if that doesn’t work then the system goes to some
sort of reversionary mode; if that doesn’t work, then the system moves to
a limited scope of operation then goes to a shutdown. This area of research
could lead to benefits across the entire Aviation industry - aircraft, helicopters,
propulsion, and general aviation. It would also relate to the pilot interface and
reactions. Hopefully all major aerospace companies and research institutes
could be interested. It could lead to a step change in aviation resilience.

2. Advanced control systems for degraded pilot/engine/
aircraft situations, plus a HMI that does not overload the
pilot with information – a “return home capability”
Aircraft cockpit systems and engine control systems are extremely complex,
performing a multitude of functions to optimize system behaviour and
protect subsystems from sustaining damage. Such control systems may not
act in certain serious failure scenarios to maintain a minimum level of thrust
and aircraft controllability to enable the aircraft to reach the closest available

airfield. Such situations can rely on the Airmanship of the pilot. Similarly,
in a serious incident, or if pilot performance is degraded, the pilots could
become overwhelmed by multiple warning/messages or information which
may distract them from basic required actions. For such scenarios a simpler
level of control that preserves some basic functionality even with increasing
damage is needed, via a prioritised display of key information, and/ or more
automation, would be beneficial for a return home capability.

3. Global survivability index (learn from automotive)
A global index summarizing the “survivability” property would be useful,
together with the rigorous (global) characterization of the survivability
property. This would be similar to providing a rating from 1 to 5 in terms of
survivability. Such approaches are apparently in use in the military side of
aviation, but not on the commercial side. This rating approach would to some
extent overcome the ‘fragmented certification’ issue, and should encourage
manufacturers to make their vehicles more survivable.

4. Develop Resilience as a Key Performance Area
requirement in the design process
As long as Resilience remains a concept, rather than a key performance area
(KPA), it will always be a ‘nice-to-have’, and will not be high enough in the
priorities to be included in the early design of new systems.
Yet we need resilience to help take account of new threats, new concepts of
operation, and new actors (e.g. drones). If we are serious about resilience,
it needs to be a KPA.
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5. Improve damage tolerance of materials using novel
manufacturing techniques + new multi-functional
protective materials
New manufacturing techniques such as additive manufacturing are becoming
available. Normally optimised for cost of manufacturing, these techniques
provide an opportunity to design more complex shapes with less interfaces,
which could reduce the number of failure modes. Further, the new techniques
and multi-layer materials could be optimized to improve material properties to
improve damage tolerance or introduce barriers to hazard. This is a potentially
novel use of an emerging technology.

6. Predictive sensing of environmental threats (ice and
ash) e.g. remote sensing
The effect of ice accretion and shedding on airframe surface and powerplant
surfaces is known. Although there is still much to do to characterise different ice
crystal types, most engineering and certification approaches have concentrated
on design and testing to ensure resilience to icing threats. A similar concern is
understood for volcanic ash exposure, although there is further work to do to
understand the effects of different ash species and concentrations. Whilst it may
be possible to visually detect ash clouds during daylight hours, or avoid local
disruption, it would not be possible to detect a potentially hazardous situation
at night, and dispersal patterns for large eruptions over continents are difficult to
model. To complement improvements in design robustness, this proposal is that
ice or ash concentrations could be detected by surface or aircraft systems so that
preventative flight re-routing can occur.

7. Performance framework for assessment of resilience (KPI)
In order to ensure resilience by design, adopting standard definitions, and to
assess the achieved resilience, specific performance based KPIs need to be
identified together with an appropriate framework. This would be similar to
Performance-Based Regulation for safety, and ensuring that resilience effort
is targeted where it will most help.

8. Dynamic behaviour of Composite material
Composite materials show the best behaviour and results compared to the
other materials that are nowadays used in aviation, but they lack historical
data. More investigation is therefore needed in modelling the material
dynamic behaviour in case of accidents (for example: thermal and mechanical
damage under fire). The lack of robust and detailed material models,
particularly for damage propagation, restricts the optimization of a composite
structure. Coupon-scale rather than full-scale testing is typically performed in
industry, as well as in research centres or universities, because of the limitations
imposed by cost, time and safety. Relating the in-service impact behaviour of
composite components and structures to the impact behaviour of laboratory
coupons is not simple. However, detailed coupon-scale impact test data with
varying impact parameters could improve confidence in the design of parts

that must operate under specific operational conditions. Moreover, detailed
quantitative ballistic data and a correct phenomenological interpretation of
the mechanisms of fracture are essential for the development and thorough
validation of numerical material models for crashworthiness applications. This
research can then generate knowledge about the acceptable level of damage
and probable chances for the aircraft to survive.

9. Standards for survivability
The condition for a system to be certified does not imply that it is crashworthy.
So one topic can be about a specific design in line with specific regulations on
survivability. Currently specific survivability programmes exists for the military
domain (e.g. MIL-HDBK-2069, Military Handbook: Aircraft Survivability; 1997),
providing guidance and criteria for establishing survivability requirements
and conducting survivability plans and programs throughout the system
life cycle for fixed and variable wing aircraft, helicopters and remotelypiloted vehicles. For civil aviation we can list: FAR/JAR 25.571, pertaining to
the requirements for damage-tolerance and fatigue evaluation of transport
category aircraft structure, and FAR/JAR 25.631 addressing specifically bird
strike requirements. Taking military experience as a reference, survivability
programs should include a mix of threat avoidance, reconstitution and
reparability, redundancy, and hardening techniques to enhance system
survivability to the maximum practical extent. Moreover, specification of
quantitative survivability requirements would also be needed. In this way
tailored system and/or item specifications could be formulated as well as the
required means of compliance (test, simulation, etc.).

10. Technology transfer by other domains
(where survivability is an issue)
Participants suggested technology transfer, above all from nuclear and
automotive domains as an enabling factor that can increase survivability
in the aeronautic domain. For supporting their suggestions, they provided
specific examples and shared their experience about the use of automotive
systems that can be adopted to improve survivability in aviation. Results
from a project testing specific automotive technologies (i.e. cockpit airbags)
installed on a rotorcraft were illustrated. Some other suggestions and ideas
have been provided on the topic (e.g. seatbelts, external airbags for rotorcraft
and ballistic parachutes for aircraft). Moreover, a framework has been
envisaged to derive which systems can be moved to aviation domain from
other domains:
1. Off-nominal scenarios identification, starting from a risk assessment
2. Identification of countermeasures for each off-nominal scenario in order to
reduce the fatalities
3. Equipment and systems used to reduce fatalities in other critical domains
should be imported in aviation for managing those scenarios which are
similar in terms of effects on people and/or hazard to be mitigated.
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